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Theory maintains that kin selection can mediate sexual conflict because 27
within-group male relatedness should reduce male-male competition, 28 thereby reducing collateral harm to females. We tested whether male 29 relatedness and familiarity can lessen female harm in the seed beetle 30
Callosobruchus maculatus. Neither male relatedness nor familiarity 31 influenced female lifetime reproductive success or individual fitness. 32
However, male relatedness, but not familiarity, marginally improved female 33 survival. Because male relatedness improved female survival in late life 34 when C. maculatus females are no longer producing offspring, our results 35 do not provide support for the role of kin selection in mediating sexual 36 conflict. The fact that male relatedness improves the post-reproductive part 37 of female life cycle strongly suggests that the effect is non-adaptive. We 38 discuss adaptive and non-adaptive mechanisms that could result in 39 reduced female harm in this and previous studies and suggest that 40 cognitive error is a likely explanation. 41
INTRODUCTION 46
Males and females have different routes to successful reproduction [1] , andthis can lead to evolutionary conflict between the sexes [2-4]. One extreme 48 form of this conflict is mate harm, when one sex (usually the male) physically 49 injures the opposite sex (usually the female) [4, 5] . Male mate harm occurs in 50 many animals and has been especially well studied in insects, including the 51 bed bug Cimex lectularius, the seed beetle Callosobruchus maculatus, and 52 the fruit fly Drosophila melanogaster. Male bed bugs stab females with their 53 genitalia, inseminating females directly into the abdominal cavity [6, 7] . Male 54 seed beetles have spines on their intromittent organs that pierce holes in the 55 female's genital tract, reducing female longevity [8] [9] [10] . In the fruit fly, males 56 may harass females during courtship [11] [12] [13] [14] or physically harm them during 57 the mating process [11, 15] . Drosophila and C. maculatus ejaculates also 58 contain accessory gland proteins that modulate female reproductive behaviour 59
[5, [16] [17] [18] . Mate harm can evolve for two reasons. One possibility is that the 60 harm itself increases male fitness by causing females to allocate more 61 resources into current reproduction and away from future reproductive 62 attempts with other males [19] . A better-supported alternative in most cases is 63 that mate harm is simply a deleterious side effect of male-male competition 64 over fertilization [4, 20, 21] . 65 Kin selection theory [22, 23] studies used a combination of yeast and sugar solutions, so it was difficult to 156 disentangle the effect of the separate components in fitness-related traits. 157
Ursprung et al. [38] found that sugar solution and water do increase fecundity 158 and longevity, but there was no effect of yeast on these key life-history traits. 159
Lymbery et al. [37] provided their study beetles with ad lib access to yeast, but 160
there was no obvious benefit in terms of fecundity or longevity, although the 161 direct comparison is not possible because their study did not include standard 162 aphagous conditions. 163
The study population was derived from an outbred South Indian stock 164 For both "familiar" treatments, trios of males were introduced to each 208 other on the same day that they hatched. For both "unfamiliar" treatments, 209 males were housed in their separate virgin cells until one day post hatch and 210 then introduced together with the female without any time to acclimatize to 211 each other. In all treatments, females were randomly selected from the base 212 population one day after hatch and were unrelated to the males. Males from 213 the non-related treatments were randomly selected from the base population 214 as well. All males and females used in this study were maintained as virgins 215 prior to the pairing. The Petri dishes in which males and females were housed 216 measured 100-mm and contained 150 beans. This number is sufficient to 217 allow females to lay just one egg per bean, reducing any larval competition 218 that might affect data on reproductive success. All sets of brothers used in this 219 study came from different parents, thus obviating the need to control for 220 parental identity in the analyses. 221
Three days after the trios of males were introduced to females, we 222 female. Once all adults were dead, we removed them from the dishes. We 238 collected two kinds of fitness data. During the first block of the experiment, we 239 measured total offspring production only. We did this by counting the number 240 of eclosed young per female, a standard measure of lifetime reproductive 241 success in this system. To facilitate the counting of offspring, we froze the 242 dishes 37 days after the initial pairing, well after all the offspring had eclosed 243 but before a subsequent generation could develop. 244
During the second block, we also measured daily offspring production 245 for each female. To do this we moved the female and males to new Petri 246 dishes with new beans every 24 hours until the female died (maximum of
Before analysis, we excluded all individuals that did not reproduce (NF = 2, 252 NU = 4, RF = 4, RU = 10). We analysed the lifetime offspring production as 253 well as age-specific reproduction using a generalized mixed effect model with 254 a Poisson error structure implemented in the lme4 package in R 3.3.3. , 255 treating Relatedness and Familiarity as crossed fixed factors. We tested for 256 overdispersion using the dispersion_glmer function in the blmeco package, 257 and if above 1.4, we controlled for overdispersion by adding a subject-level 258 random effect. For total reproduction, we used Block as a random factor. 259
Age-specific reproduction and individual fitness was only analysed for 260
Block 2, as this was the only block where age-specific fecundity data was 261 collected. For age-specific reproduction, we included Relatednes and 262
Familiarity as crossed fixed factors, as well as all interactions with Age and 263
Age 2 . In addition, we also included Age at last reproduction (ALR) as a 264 crossed covariate. Age and ALR were scaled and centered before analysis 265 (mean = 0, s.d. = 1) and we used the bobyqa optimizer as well as increased 266 the default number of iterations to 10.000 in order to obtain good model 267 convergence. For all mixed-effect models, chi-square tests of fixed effects 268 were performed using the car package. 269
Individual fitness (λind) was calculated from the life- 
RESULTS
279
We measured lifetime reproductive success (total number of eclosed (Table 1 , Figure  295 2). However, we found no effect on individual fitness λind (Relatedness: F = 296 found that neither male relatedness nor familiarity influenced female lifetime 368 reproductive success. However, in contrast to Chippindale et al. [29] , male 369 relatedness, but not familiarity, improved female survival. This is also in 370 contrast to Lymbery et al. [37] , who found that both familiarity and relatedness 371 increase reproductive success, but not survival. In our study, since the effect 372 on survival occurred only in late life, around day six of age when females 373 already stopped producing eggs, it failed to increase female lifetime 374 reproductive success. Therefore, our results do not provide support for the 375 role of kin selection in mitigating the effects of male harm. 376
Seed beetles are facultatively aphagous -that is, eclosed adults do not 377 require food or water to breed and survive [49] . While in many bruchid beetles 378 adults commonly consume pollen, nectar or fungi [50] , Callosobruchus beetles 379 do not usually feed as adults. In the current study, we opted to keep the 380 beetles under the aphagous conditions in which they have evolved for over 381 500 generations since they were first brought into the laboratory in 1979. 382 Thus, our schedule reflects not only the original conditions of the human grain 383 storage, but also the recent evolutionary history of this large outbred 384
population. 385
Nevertheless, it is interesting to consider how male relatedness could 386 affect the fitness of female beetles in different environments. One may 387 hypothesize that increased survival could result in increased fecundity when 388 beetles have access to additional resources to continue reproduction in late 389
life. Yet, in a recent study by Lymbery et al. [37] , beetles were raised with the 390 access to yeast but neither lived longer, nor produced more offspring 391 compared to normal non-feeding conditions. This finding seems concordant 392 with earlier reports that did not find positive effects of yeast consumption on 393 fitness in C. maculatus [38] . However, despite the lack of positive effects of 394 access to yeast on life-history traits, females kept with related familiar males 395 produced more offspring in Lymbery et al. [37] study. This suggests that the 396 presence of yeast interacts with male behaviour in an unknown way to affect 397 female reproductive performance. In our study, we found a three-way 398 interaction between relatedness, familiarity and the shape of age-specific 399 reproduction curve, stemming from the increased early-life reproduction and 400 steeper age-specific decline of females mated to unrelated males then 401 females mated to groups of brothers when both males were raised in a way 402 that precluded familiarity. Increased reproductive performance in early-life 403 could translate into increased individual fitness, but this was not the case. On 404 the other hand, when we included females that failed to produce viable 405 offspring in the analysis, we found that females kept with groups of unrelated 406 males had higher reproductive success, because most of failed reproductive 407 attempts were among females kept with groups of brothers. This finding is in 408 line with the idea that multiple mating increases female fitness when it 409 increases the genetic diversity of partners [51] [52] [53] [54] . 410
To summarize, there is little conclusive evidence to date for the role of 411 kin selection in mediating sexual conflict, and, specifically, in reducing male-412 induced harm to females. More importantly, it is not always easy to see how 413 the selection for such an effect can operate in the natural environment 414 because it requires many opportunities for sib-sib interaction that may not be 415 
